In order to improve supply chain ' 
Introduction
Cross docking operation is a process that the products are directly sorted, integrated then sent to the outbound door according to customer's demand only when delivered from supplier to the distribution center. That is to say, cross docking is an operation that products stay little time in warehouse. Cross docking brings significant benefits including little or no inventory, low handling costs, low space requirement, centralized processing and low transportation costs. It is one of the major contributions to improve supply chain performance, and plays an important role in affecting supply chain's operation efficiency. So it's necessary to study cross docking scheduling problem.
Due to the success and the development of cross docking during the past years, several papers can be found in the literature about problems related to cross-docking management.
The cross docking scheduling model has been first proposed by Chen and Lee [1] from the scheduling points of view. They study the problem in which a job at the second machine can be processed only after the processing of some jobs at the first machine has been completed. The problem is denoted as F2|CD|Cmax and the objective is to minimize the makespan. They show the problem is NP-hard in strong sense, and develop approximation algorithm and branch and bound algorithm based on the several characteristics of its feasible solution. This model has been extended to multi-docks by Chen and Song [2] . This extension is denoted as HF2 (m1, m2)|CD|Cmax where HF means hybrid flow shop, and m1 and m2 are the number of machines in stages 1 and 2, respectively. Ma and Chen [3] also study the cross docking scheduling problem with total meta-heuristic algorithms: genetic algorithm (GA), tabu search (TS), simulated annealing (SA), electromagnetism-like algorithm (EMA) and variable neighborhood search (VNS) to schedule the trucks in cross-dock systems. Arabani and Ghomi, et al. , [17] analyze the characteristics of five heuristic algorithms for cross docking problem including genetic algorithm (GA), tabu search (TS), particle swarm optimization (PSO), ant colony optimization (ACO) and differential evolution (DE). Liao, et al., [18] solve the scheduling problem by three meta-heuristic algorithms, which include differential evolution, DE-AGZ algorithm and HDE. He extends the meta-heuristic algorithm to six [19] , which include simulated annealing, tabu search, ant colony optimization, differential evolution, and two hybrid differential-evolution algorithms. Vahdani, et al. , [20] propose a new hybrid meta-heuristic for vehicle routing scheduling in cross-docking systems. This new hybrid algorithm incorporates the elements from Particle Swam Optimization, Simulated Annealing and Variable Neighborhood Search to enhance its search capabilities. Wang and Lu [21] propose a novel hybrid genetic algorithm (HGA) for solving a capacitated vehicle routing problem (CVRP).
Up to now, no one consider how the numbers of vehicles in distribution center influence cross docking scheduling problem. So this paper takes account of the amount of vehicles in distribution center to describe the problem and arrange the sequence of the inbound vehicle. According to the assumption, three mathematical models are built under the direct shipment mode called a single vehicle scheduling model, vehicles scheduling model and vehicles scheduling model with the distribution center to be determined, which correspond to only one vehicle in distribution center, many vehicles in distribution center and the location of distribution center to be determined. The model's objective is to minimize transportation time. Because every algorithm isn't perfect enough. To full use of its advantage and avoid its disadvantage, particle swarm optimization and genetic algorithm are combined to propose hybrid particle swarm optimization to solve the model. Computational experiments show that the algorithm can solve the problem optimally.
The remainder of the paper is organized as follows. In Section 2, we describe our problem more exactly and define the equivalent corresponding concepts between cross docking vehicle scheduling problem and two-stage flow shop scheduling problem. In Section 3, we establish three mathematical models called a single vehicle scheduling model, vehicles scheduling model and vehicles scheduling model with the distribution center to be determined. Hybrid particle swarm optimization is proposed to solve the model in Section 4. We present our computational experiments and results in Section 5 and the paper is closed in Section 6, where we offer some conclusions.
Problem Description
Cross docking in distribution center includes inbound logistics and outbound logistics according to the area partition. Inbound logistics (as shown in figure 1 ) generally adopt two kinds of transportation modes: direct shipment and the transportation with circular pick-up. Direct shipment means that a truck transports the products of one supplier or customer at a time. On the contrary, the transportation with circular picking means that a truck carries multiple suppliers' or customers' products when some suppliers' or customers' products are not enough to fill up a truck. Circular picking is suitable for multi-period frequency and small batch transportation, while direct shipment is suitable for direct transportation with loading on a large scale. This paper does not consider the transportation with circular picking, is only for direct shipment which can be found everywhere in practice. This mode greatly reduces the cycle time from an order to delivery and the damage rate of the product, and saves the costs of circulation. It is important for the products which have high requirement to the freshness and have a time limit to adopt this transportation mode. Figure 2 shows the supply chain with cross docking distribution center. A set S of suppliers, supplies all kinds of products in the first stage, and all products are transported to the set V of distribution center by vehicles. There is a set D of customers in the second stage, and each customer has a demand subset corresponding to the set S of suppliers. The inbound sequence of products should be considered in direct shipment. An order may demand for many products from different suppliers, and one supplier's products may be needed by different orders. Certain products' arrival delay would lead other products to wait, thus it would increase transportation inventory. If an order can't be satisfied, other orders will be delayed at the same time. In a word, arranging the sequence of inbound vehicles properly is an important step in cross docking so that the operating efficiency can be improved on the premise that customers' demands are met. This paper transforms the cross docking vehicle scheduling problem into twostage flow shop scheduling problem. Delivery vehicles can be thought of machines, pickup and delivery time can be thought of processing time in two machines. Table  1 shows the corresponding concepts between cross docking vehicle scheduling problem and two-stage flow shop production scheduling problem (aiming at direct shipment). (1) This paper adopts the mode of direct shipment, that is to say, each supplier's products only need one vehicle to transport to the distribution center and the products from one customer's order can be delivered at one time from distribution center. (2) When a supplier's products are delivered to the distribution center, and then sent to the customer immediately. The integration time is not taken into account. (3) The number of vehicle in two stages of cross docking scheduling is 1. (4) There is no interruption after each item starts being shipped.
Parameters:
n : Number of supplier in first stage m : Number of customer in second stage 
Objective function (1) minimizes the transportation time. Constraint (2) ensures maximum transportation time is larger than or equal to the time of products delivered from distribution center to customer in the second stage. Constraints (3) and (4) ensure only one supplier's products are transported in the first stage at the same time. Constraints (5) and (6) ensure only one customer's products are transported in the second stage at the same time. Constraint (7) ensures only when the products of a certain order are all delivered in the phase 1, the corresponding order's products will be transported in phase 2. Constraint (8) enforces the starting time nonnegative. is the optimal solution under a certain situation by solving the above model, and the corresponding values of and are the optimal ordering strategy.
Vehicles Scheduling Model
In reality, there is more than one truck in distribution center, thus vehicles scheduling model is put forward in which there are many trucks in every phase and these trucks are same. The model can be described as follows: suppliers' products are delivered to the distribution center by multiple vehicles in stage 1 . After simply split, combined and sorted, these products are transported to customers by multiple vehicles in stage 2. It's worth to note that customers' demands may come from different suppliers and the products from multiple suppliers may be transported by different trucks. So the products can't be integrated and sent to customers until all products of an order arrive in distribution center. That is to say, if a certain order can't be split, combined and sent to the outbound door on time for a kind of products, it will influence the normal transportation of other products.
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Basic Assumptions:
(1) Customers need products from at least one supplier and all customers' demands cover to each supplier. That is to say, each customer submits orders to one or more suppliers and each supplier supplies products to one or more customers. (2) When the products arrive in the cross docking distribution center, they are sorted and integrated immediately. The sorting and integrating time is thought of zero, because it's very short compared to transportation time. In conclusion, vehicles scheduling model is two-stage problem. (3) Direct shipment is adopted in two stages, namely, every vehicle only carries all products of one supplier or one customer. (4) All products of an order should be transported to the customer immediately once arrived in the distribution center. (5) The paper assumes that each customer has a truck in phase 2 and these trucks have nothing to do with phase 1, so there is no need to schedule the vehicles in phase 2.
Parameters:
M : A number large enough 
s.t. 
The objective function (9) is to minimize the transportation time. Constraint (10) ensures that in every stage each product is assigned to exactly one truck. Constraint (11) indicates that each product is transported in the first stage. Constraint (12) ensures that each product in the second stage starts being transported only after the completion of any precedent subset product in . Constraint (13) and (14) indicate direct shipment mode. A truck only carries a kind of products and there must be a sequence between two products. There is only one effective between constraint (13) and (14) when product and are distributed to the same truck. Constraint (15) defines the maximum transportation time. Constraint (16) and (17) specify the domains of the decision variables.
Vehicles Scheduling Model with the Distribution Center to be Determined
In addition, this paper also considers another situation that the location of cross docking distribution center is determined based on the distribution of the main customers to deal with in future, namely, there is need to determine the location of the center first. The model of this situation is only need to introduce 01  variable ( 1, 2 , 3, ) i xi  to the model in Section 3.2. 
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Hybrid Particle Swarm Optimization
Chen and Lee [1] has proved cross docking vehicle scheduling problem is NP-hard which is generally solved by heuristic algorithm. Related research has been summarized in Section 1.
Particle swarm optimization (PSO) algorithm searches the optimal solution through the pursuit of individual extremum and group extremum. Particle swarm optimization algorithm has simple operation and fast convergence speed, but with the increase of the number of iterations, the population convergence is more and more concentrated, particle similarity is higher and higher, which will lead the particle to be in the local optimal solution and can't jump out. On the other hand, the genetic algorithm (GA) itself exists "premature convergence". So according to the advantages and disadvantages of the two algorithms, hybrid particle swarm optimization (HPSO) is constructed to solve the scheduling problem.
Hybrid particle swarm optimization divides the whole group into several sub groups, and each sub group is executed evolution operation as a whole. At the same time, it introduces clone selection operator to improve the performance of the algorithm on the basis of PSO and GA. Particles multiply and mutate by calculating the affinity between individuals so that the best individual can be reserved and the poor can be improved.
In order to better explain HPSO, detailed steps of the algorithm can be summarized as below: 
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(1) Initialize the particle swarm. The population size is N , and the population is recorded as 1 P . (2) Calculate the affinity of each antibody in 1 P and sort descending order according to the affinity of antibody. Take half of the high affinity antibodies as the current group which noted for 2 P . (3) For the individual in 2 P , execute the cross operation of individual optimal and group optimal. (4) For the individual in 2 P , execute the clone operation according to the values of affinity, and get group 3 P . Clone quantity is proportional to the affinity of antibody. (5) With antibody reorganization operator to random recombine all antibodies in group 3 P . (6) Mutation operation of group 3 P . (7) Calculate the affinity of the mutated antibody and sorted by affinity. Take the first N of the high affinity antibodies which noted for 4 P . (8) Update the current group. Merge 2 P with 4 P to get a new group 1 P . (9) Repeat from steps (2)-(8) until iteration reaches their maximum limit or the stopping criterion is met. Clone operator, crossover operator, antibody reorganization operator and mutation operator are designed in the algorithm.
Clone Operator
Make particles correspond to the biological chromosomes, antibody correspond to the group containing n chromosomes, antigen correspond to the sub group with the optimal particle. Then the affinity between antibody and antigen is expressed as: 
Where j F is the particle's fitness value in antibodies, and the fitness function is the objective function above mathematical models in section 3. is the largest number of iterations, n is a constant, and i is the particle's order number according to the affinity descending order, is the current number of iterations. It is seen from the type of expression (20) that clone size increases with the increase of affinity. The higher the affinity is, the more the clone number of antibody is. So the excellent individual with high affinity in group can survive and develop. 
Crossover Operator
Crossover operation is an important way of genetic algorithm to obtain the offspring of outstanding individual. Individual updates itself through crossing individual and individual extremum, individual and group extremum. Integer crossing method is adopted here. Choose two cross positions first, and then cross individual and individual extremum or cross individual and group extremum. Assume that the random cross positions are 3 and 5. Operation method is as follows:
Individual: [ 9 4 2 1 3 7 6 1 0 8 If there is a repeated position in the new individual, then adjust it. Adjustment method is to use the code not including in individual to take the place of repeated coding.
The individual above was adjusted to get a new individual: [ 9 4 2 1 3 7 6 1 0 8 5].
The strategy of keeping excellent individual is adopted here. Update particle only when the new particle's fitness value is better than the old particle's.
Antibody Reorganization Operator
Antibody reorganization operator randomly divides the whole group into several sub groups. It makes the particles in different sub groups into the same group. It makes the particles exchange the information among sub groups, which can expend searching space and search the global optimal solution. It is easy to fall into local optimal solution if particles neighborhood range remains the same.
Mutation Operator
Mutation is an important way to increase the population diversity. Moderate variation can not only maintain individual diversity of the population, but also improve the local search ability. The strategy of keeping excellent individual is adopted here. Update particle only when the new particle's fitness value is better than the old particle's.
Computational Experiments
In order to verify the effectiveness of the model and the feasibility of the algorithm, the paper uses the following computational experiments to analyze it. In the experiments, for programming convenience, the transportation time is transformed into the distance which can be computed based on the suppliers' and customers' locations. Therefore, a customer's transportation time is transformed into transportation distance, namely, a customer's transportation distance equals cumulative distance in the first stage starting delivering products for the customer and the distance from distribution center to customer. Fitness function value is correspondingly transformed into the minimum of customer's transportation distance.
Assume there are 21 suppliers and 10 customers whose locations are shown in Table 2 and Table 3 . Number  1  2  3  4  5  6  7  8  9  10  11  X  58  51  52  31  5  12  36  52  27  17  13  Y  58  51  33  32  25  42  16  41  23  33  13  Number  12  13  14  15  16  17  18  19  20  21  X  57  62  42  16  8  7  27  30  43  42  Y  58  42  57  57  52  38  68  48  67  41   Table 3 . Customers Location 
The Result of a Single Vehicle Scheduling Model
Set the origin as the distribution center. The set of customer's order demand is generated randomly as Table 4 . For a single vehicle scheduling model, PSO, GA, HPSO are adopted in the paper to calculate it. The parameters of each algorithm are as follows: population is 50 and iteration number is 200 in PSO; population is 100 and iteration number is 200 in GA; population is 100 and iteration number is 200 in HPSO. Program to solve the model on MATLAB platform and the results are as follows: Figure 3 shows the convergence process of PSO, GA, HPSO; Figure 4 shows the distribution strategy obtained by HPSO; Table 5 shows the results comparison of three algorithms by running 30 times on this issue. It is seen from Figure 3 that PSO has fast convergence speed, but is easy to fall into local optimum. The convergence speed of GA is slow and the effect of optimal solution is common; HPSO not only has faster convergence speed, and can get optimal solution of higher precision. Figure 4 shows the distribution strategy obtained by HPSO, namely the sequence of vehicles picking up products among suppliers is:5,6,10,4,2,1,8,3,7,9. And the optimal transportation distance is 201.9399km. Table 5 reflects HPSO has obvious superiority in convergence speed and the precision of optimal solution. 
The Result of Vehicles Scheduling Model
Set the origin as the distribution center. The sets of customer's order demand are generated randomly as follows:
Customer 1: {2, 4, 11, 1, 8} 
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The results are as follows: Figure 5 the convergence process of PSO, GA, HPSO. Figure 6 shows the distribution strategy obtained by HPSO. Table 6 shows the results comparison of three algorithms by running 30 times on this issue. It is seen from Figure 5 that PSO has fast convergence speed, but its optimal solution is unsatisfied. The convergence speed of GA is slow and it is easy to fall into the local optimal solution; HPSO not only has faster convergence speed, and can get the optimal solution of higher precision. Figure 6 shows the distribution strategy obtained by HPSO, namely the sequence of vehicles picking up products among suppliers is: International Journal of Hybrid Information Technology Vol. 8, No.11 (2015) 262 Copyright ⓒ 2015 SERSC 5, 10, 17, 6, 16, 15, 18, 20, 14, 2, 12, 1, 13, 8, 3, 21, 19, 4, 9, 7, 11 . And the optimal transportation distance is 280.4811km. Table 6 reflects HPSO has obvious superiority in convergence speed and the precision of optimal solution.
The Result of Vehicles Scheduling Model with the Distribution Center to be Determined
The sets of customer's order demand are generated randomly as follows: Customer 1: {12, 11, 18} Customer 2: {6, 3, 4, 15, 5, 2, 8, 10, 9, 20, 18, 1} Customer 3: {13, 9, 5, 3, 2, 18, 6, 16, 17, 10, 11, 14, 1, 4, 19, 8, 12 Assume that choose the near location of supplier 4 as distribution center because supplier 4 serves to more customers. Then in a similar way, PSO, GA, HPSO are adopted to calculate the vehicles scheduling model. The parameters of each algorithm are as same as that in Section 5.1.
The results are as follows: Figure 7 shows the convergence process of PSO, GA, HPSO. Figure 8 shows the distribution strategy obtained by HPSO. Table 7 shows the results comparison of three algorithms by running 30 times on this issue. It is seen from Figure 7 that PSO has fast convergence speed, but its optimal solution is unsatisfied. The convergence speed of GA is slow and the effect of the optimal solution is worse than HPSO's. HPSO not only has faster convergence speed, and can get the optimal solution of higher precision. Figure 8 shows distribution strategy get by HPSO, namely the sequence of vehicles picking up products among suppliers is: 4, 9, 7, 11, 5, 10, 17, 6, 16, 15, 18, 20, 14, 2, 12, 1, 13, 8, 3, 21, 19 And the optimal transportation distance is 251.0235km. Table 7 reflects HPSO has obvious superiority in convergence speed and the precision of optimal solution.
Conclusion
This paper assumes that there are 21 suppliers and 10 customers. There will be 21!*10! situations in which the calculated quantity is large and the calculated time is long if it adopts some enumeration methods. What's worse, calculated time and calculated quantity will increase quickly along with the increase of the number of vehicles. So it's difficult to get the optimal solution within the short time and limited iteration numbers. The results in section 5 indicate that hybrid particle swarm optimization algorithm not only has fast convergence speed, also avoids premature phenomenon well.
In the paper, we study the problem of two-stage cross docking scheduling under direct shipment mode. According to existing research, we first establish three mathematical models called a single vehicle scheduling, multiple vehicles scheduling and multiple vehicles scheduling of the distribution center to be determined with the objective to minimize transportation time. We then propose hybrid particle swarm optimization to International Journal of Hybrid Information Technology Vol. 8, No.11 (2015) 264 Copyright ⓒ 2015 SERSC solve these models. Clone operator, crossover operator, antibody reorganization operator and mutation operator are introduced to improve the algorithm's performance. Computational experiments show that hybrid particle swarm optimization can optimally solve these problems. The improved algorithm is effective and feasible. It has faster convergence speed, and can get the optimal solution of higher precision. At the same time, it also avoids the premature phenomenon well. The models and the algorithm in this paper can provide a new way of solving the problem of cross docking scheduling.
